Regular photometric observations of the moon's "ashen light" (earthshine) from the Big Bear Solar Observatory (BBSO) since December 1998 have quantified the earth's optical reflectance. We find large (,,• 5%) daily variations in the reflectance due to large-scale weather changes on the other side of the globe. Separately, we find comparable hourly variations during the course of many nights as the earth's rotation changes that portion of the earth in view. Our data imply an average terrestrial albedo of 0.297+0.005, which agrees with that from simulations based upon both changing snow and ice cover and satellite-derived cloud cover (0.2965:0.002). However, we find seasonal variations roughly twice those of the simulation, with the earth being brightest in the spring. Our results suggest that long-term earthshine observations are a useful monitor of the earth's albedo. Comparison with more limited earthshine observations during 1994-1995 show a marginally higher albedo then. A central parameter of the earth's climate is the planet's albedo, A, the fraction (roughly 0.3) of the incident sunlight that it reflects. Simple power balance considerations suggest the importance of this parameter: in the absence of feedbacks, the earth's blackbody temperature of some 255 K would increase by roughly 1 K for a 0.01 decrease in A. Precise measurement of the albedo can reveal variation with the earth's aspect (land is more reflective than water), weather (cloud patterns), and seasons (snow and ice cover and vegetation). The albedo is determined most directly by satellite observations [Gibson et al., 1990; Stephens, Campbell and Vonder Haar, 1981; Rossow and Lacis, 1990]. However, satellites in •Also at W. K. Kellogg Radiation Laboratory, California Institute of Technology,
low-earth orbit view only a small fraction of the earth's surface at once so that many observations must be combined to obtain global-scale information. It is also a major technical and logistical challenge to keep calibrated photometers continuously in orbit on decadal timescales.
The earthshine, or "ashen light", is the glow of the "dark" part of the lunar disk visible to a nighttime observer. It is sunlight reflected from the earth and retroflected from the lunar surface, and so offers an alternative route to studying the earth's reflectance. Earthshine data are complementary to existing satellite data in that the coverage is instantaneous and hemispheric in scale. Because the earth's phase as seen from the moon is supplementary to that of the moon seen from the earth (i.e., the earth is nearly "full" when the moon is a thin crescent), the instantaneous intensity of the earthshine near the new moon samples almost half of the earth. For over a quarter century, beginning in 1926, Danjon and his followers [Danjon, 1928 [Danjon, , 1954 Dubois, 1947] performed regular earthshine observations from France. We have reinvigorated and modernized this nearly forgotten way of measuring the earth's albedo.
Our earthshine coronagraph is a 6-inch refractive telescope with a cooled AP-7 512x512 pixel CCD camera; our fiducial regions comprise about 100 pixels each. We mask the bright portion of the lunar disk (i.e., "moonshine") with a neutral density filter of transmission • 10 -5, and correct the measured earthshine intensity for the effects of moonshine scattered in the atmosphere and optical train. quires that we use tabulated values [Kondratev, 1973] . The atmospheric extinction coe•cient, c•, ranges between about 0.1 and 0.3, and on a typical night it is determined with a relative precision of 1% for the earthshine and about 0.5% for the moonshine by fitting that night's observations. Typically, we find c,e-C,m "" 0.05.
To determine the earth's reflectance from the earthshine, we must know the lunar phase functions, f•,b -the moonshine intensity of the fiducial regions as a function of the lunar phase. However, raw moonshine data near the quarter moon show as much as a 5% variation from month-to-month at the same lunar phase due to varying atmospheric absorption, the lunar declination, and libration. We have addressed this problem by making three successive, linear adjustments to the observed moonshine intensities using the integrated crescent of the moon as a standard, and then correcting for the declination and libration of the moon. After applying these three physically required corrections, the aforementioned 5% variation in f•,b is reduced to 0.5%. With these adjustments, we estimate that we can measure the nightly effective albedo to a relative precision of about 1% on clear nights. This precision is comparable to those quoted for satellite albedo data •;;:..-...-..... • .--. ...... -:..:::: .... -...... .-.::;;•:.i..; ............ ½::-"-' The average deviation of the nightly means of these data from the gray curve in the left panel of Fig. 1 translates to  a 2.5%q-1.5% greater A*. Most of the deviation is present in the morning data. The corresponding value is 0.0% q-0.9% for the January 1999 through July 2000 data. We note that 1994-1995 was during the most recent solar activity minimum, and that our result is consistent with the hypothesis, based on cloud cover data, that the earth's reflectance Our demonstration that the earthshine can be observed with sufficient precision to derive meaningful information about the earth's optical reflectance suggests several further investigations. A multi-station network is now being established that will allow continuous global coverage during appropriate lunar phases. With the increased precision and coverage from the network, we will be able to monitor long-term variations in cloud cover and aerosols with sufficient accuracy to bear on climate change. Network observations of the reflectance in the coming years will also quantify ENSO events, volcanic eruptions, and decadal scale variability, including a more precise exploration of any solar cycle variation. Comparison of earthshine results with satellite observations (see, for example http-//cloud.ucsd.edu/missions/triana.html) are also of clear interest to intercalibrate the methods and validate the scene models used.
